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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a projection 
aligner which can suppress fluctuations in high order 
spherical aberration when zonal illumination or modified 
illumination is carried out. 

SOLUTION: Apart from a light source unit 1 for light 
exposure, another light source unit 2 is provided for 
emitting illumination light IL2 having such wavelengths 
that will not be sensitive to photoresist on a wafer 13. 
Provided on an optical path of illumination light IL1 is a 
modified mirror 5 of mirrors 6A and 6B having reflecting 
surfaces tilted toward a reticle 10. The illumination light 
IL1 for light exposure from the light source unit 1 is 
passed through a zonal region around the modified 
mirror 5; while the illumination light IL2 for non-exposure 
is reflected by the reflecting surfaces of the modified mirror 5 to be directed toward the reticle 
10 and a projection optical system 12. With the illumination light IL1 and IL2, a lens in the 
vicinity of a pupil surface of the projection optical system 12 can be illuminated with a uniform 
illumination distribution. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The projection optics which projects the image of the pattern on a mask on a sensitization 
substrate under the illumination light for exposure, In the projection aligner which has the illumination- 
light study system which illuminates said mask using the illumination light for said exposure from the 
light source distributed over the field which carried out eccentricity from an optical axis on the pupil 
surface of said projection optics, and a field [****] The projection aligner characterized by establishing 
the auxiliary illumination system which irradiates the illumination light of a nonphotosensitivity 
wavelength region to the field through which the illumination light for said exposure does not pass on 
the pupil surface of said projection optics to said sensitization substrate. 

[Claim 2] It is the projection aligner characterized by being a projection aligner according to claim 1, 
and said illumination-light study system illuminating said mask by the illumination light for said 
exposure from the zona-orbicularis-like light source or two or more light sources in the location which 
carried out eccentricity to the optical axis. 

[Claim 3] It is the projection aligner which has an optical integrator to be a projection aligner claim 1 or 
given in two, and for said illumination-light study system equalize the illuminance distribution of the 
illumination light for said exposure, and is characterized by preparing the fill-in flash induction material 
which leads the illumination light from said auxiliary illumination system to said mask between this 
optical integrator and said mask. 

[Claim 4] In the projection aligner using the image formation flux of light which passes through the field 
which carried out eccentricity from the optical axis on the pupil surface of said projection optics in case 
the image of the pattern on a mask is projected on a sensitization substrate through projection optics 
under the illumination light for exposure The synthetic illumination-light study system which leads the 
nonphotosensitivity illumination light to the pupil surface of said projection optics to the illumination 
light and said sensitization substrate for said exposure, The projection aligner characterized by having 
the optical member which has the wavelength selection nature which passes only the 
nonphotosensitivity illumination light to said sensitization substrate side to said sensitization substrate in 
fields other than the field which it has been arranged on the pupil surface of said projection optics, and 
carried out eccentricity from said optical axis. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is applied to the projection aligner which especially performs 
zona-orbicularis lighting etc. or uses the pupil filter of a main protection-from-light mold about the 
projection aligner used in order to expose the image of the pattern on a mask on a sensitization substrate 
at the photolithography process for manufacturing a semiconductor device, a liquid crystal display 
component, image sensors (CCD etc.), or the thin film magnetic head, and is suitable. 
[0002] 

[Description of the Prior Art] In case the former, for example, a semiconductor device, is manufactured, 
projection aligners, such as a stepper who imprints on the wafers (or glass plate etc.) with which the 
image of the patterns (or photo mask etc.) of the reticle as a mask was applied to the photoresist as a 
sensitization substrate through projection optics, are used. In these projection aligners, in order to expose 
the pattern of a high degree of integration as much as possible to a wafer, while using the illumination 
light of short wavelength as much as possible as an exposure light, efforts of enlarging numerical 
aperture (NA) of projection optics and raising the resolution of the pattern imprinted have been made. 
[0003] However, the illumination which secures the depth of focus more than a certain extent, and 
obtains high resolution of making exposure light inclining to a reticle as an approach, and illuminating is 
developed, without being not much dependent on numerical aperture, since the depth of focus becomes 
narrow too much if numerical aperture of projection optics is only enlarged. This illumination has the 
so-called deformation lighting made into the small light source of plurality (for example, four pieces) 
which carried out eccentricity of the configuration of the zona-orbicularis lighting which makes the 
configuration of the secondary light source of an illumination-light study system the shape of zona 
orbicularis, and its secondary light source from the optical axis. According to such illumination, the 
resolution of projection optics improves also with the same exposure wavelength and the numerical 
aperture of the same projection optics. Moreover, pupil filters, such as the shape of zona orbicularis, are 
arranged to the pupil surface of projection optics, and the approach of raising resolution by the so-called 
"super resolution" is also developed. 
[0004] 

[Problem(s) to be Solved by the Invention] According to the lighting which illuminates the flux of light 
which does not use zona-orbicularis lighting etc. but carries out incidence of the reticle perpendicularly 
to a reticle in the above conventional technique with the exposure light uniformly distributed as a core 
As for the lens near the pupil surface of projection optics, a core and a periphery are illuminated by 
about 1 appearance in order to form the image of the pattern on a wafer according to the 3 flux of lights 
of the zero-order diffracted light which mainly passed the pattern of a reticle, the ^primary diffracted 
light, and the -primary diffracted light. Moreover, also when not arranging the pupil filter of the shape of 
zona orbicularis which covers a core to the pupil surface of projection optics under the usual 
illumination, the lens near the pupil surface of projection optics is illuminated uniformly. If it is in such 
a lighting condition, in order that the core of a lens may mainly carry out a temperature rise, the heat 
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deformation and refractive-index change it is changeless less than in the secondary function about a 
location mainly take place, and only migration of the gauss (Gauss) image surface arises as main 
aberration fluctuation near an optical axis. Therefore, there were few possibilities that high order 
spherical-aberration fluctuation of projection optics might occur. 

[0005] However, when it illuminates by zona-orbicularis lighting or deformation illumination, in order 
[ of the illumination light for exposure which passed the pattern of a reticle ] to mainly form the image 
of the pattern on a wafer by the zero-order diffracted light and the primary diffracted light, when there 
are many patterns near the limit-line width of face of the resolution of projection optics, the amount of 
the beam of light which penetrates near the optical axis of projection optics decreases extremely 
compared with a periphery. Moreover, even when the pupil filter which shaded near the optical axis to 
the pupil surface of projection optics has been arranged, the amount of the beam of light which 
penetrates near the optical axis of the lens arranged at the side near a wafer becomes less than a pupil 
surface extremely compared with a periphery. 

[0006] Thus, if distribution of the exposure energy to the lens of projection optics becomes an 
ununiformity, the phenomenon in which the periphery of a lens mainly absorbs and carries out the 
temperature rise of the heat, and a core does not carry out a temperature rise will happen. Since the 
refractive index of a lens is changed partially or a lens carries out heat deformation in proportion to such 
a temperature rise, the refractive-index distribution equivalent to the aspheric surface and it higher order 
than the 2nd order is newly formed. Therefore, in the part near the optical axis of projection optics, there 
was un-arranging [ that high order spherical-aberration fluctuation newly arose not only in migration of 
the gauss image surface by the exposure of exposure light ]. 

[0007] In case this invention is exposed in view of this point using the pupil filter which shades near an 
optical axis, using zona-orbicularis lighting, deformation lighting, etc., it aims at offering the projection 
aligner with which high order spherical-aberration fluctuation of projection optics is suppressed, and 
high resolution is obtained. 
[0008] 

[Means for Solving the Problem] The 1st projection aligner by this invention For example, the 
projection optics which projects the image of the pattern on a mask (10) on a sensitization substrate (13) 
under the illumination light for exposure (IL1) as shown in drawing 1 (12), The pupil surface of the 
projection optics, Namely, the illumination-light study system which illuminates the mask (10) using the 
illumination light (IL1) for the exposure from the light source (the secondary light source is included) 
distributed over the field which carried out eccentricity from an optical axis (AX) on the optical Fourier 
transform side (PS) over the pattern side of a mask (10), and a field [ **** ] (1, 3, 9), In the projection 
aligner which ****, the auxiliary illumination system (2) which irradiates the illumination light (IL2) of 
a nonphotosensitivity wavelength region to the field through which the illumination light for the 
exposure (IL1) does not pass on the pupil surface (PS) of the projection optics (12) is established to the 
sensitization substrate (13). 

[0009] According to the 1st projection aligner of this this invention, it means using zona-orbicularis 
illumination and deformation illumination as using the illumination light for the exposure from the light 
source (IL1) distributed over the field which carried out eccentricity from the optical axis (AX) on the 
pupil surface (PS) of projection optics (12), and the field [ **** ]. In this case, the lens near the pupil 
surface of projection optics (12) is illuminated by the illumination light for exposure in the field which 
mainly carried out eccentricity from the optical axis (IL1), for example, high resolution is obtained to a 
predetermined periodic pattern. Moreover, since the field through which the illumination light for 
exposure (IL1) does not pass on the pupil surface (PS) of projection optics (12) according to an auxiliary 
illumination system, i.e., the field near the optical axis, is illuminated by the nonphotosensitivity 
illumination light (IL2) to a sensitization substrate, the illumination distribution over the lens near the 
pupil surface (PS) of projection optics (12) becomes homogeneity, and the high order fluctuation 
component in heat deformation of a lens or change of a refractive index decreases, for this reason — 
being alike - the nonphotosensitivity illumination light (IL2) needs to be absorbed by the lens of 
projection optics (12), or the coating film of this lens with an absorption coefficient comparable as the 
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illumination light for exposure (IL1). Since spherical-aberration fluctuation of a lens is proportional to 
heat deformation of a lens or change of a refractive index, high order spherical-aberration fluctuation of 
projection optics (12) is suppressed. However, since the illumination light (IL2) from an auxiliary 
illumination system (2) is nonphotosensitivity, there is no effect in the image imprinted on a 
sensitization substrate (13). 

[0010] In this case, as for that illumination-light study system, it is desirable to illuminate that mask (10) 
by the illumination light for that exposure from the zona-orbicularis-like light source or two or more 
light sources in the location which carried out eccentricity to the optical axis (IL1). This means the 
illumination by the so-called zona-orbicularis lighting and deformation lighting, and, thereby, high 
resolution is obtained. Moreover, as for that illumination- light study system, it is desirable to have an 
optical integrator (24) for equalizing the illuminance distribution of the illumination light for that 
exposure (IL1), and to prepare the fill-in flash induction material (4, 6A-6D, 7A, 7B) which leads the 
illumination light (IL2) from that auxiliary illumination system (2) to that mask (10) between this optical 
integrator and its mask (10). Thereby, the illumination light (IL1) and illumination light (IL2) for 
exposure are easily compoundable. 

[001 1] Moreover, as the 2nd projection aligner by this invention is shown in drawing 6 In case the 
image of the pattern on a mask (10) is projected on a sensitization substrate (13) through projection 
optics (12) under the illumination light for exposure (IL1B) In the projection aligner using the image 
formation flux of light which passes through the field which carried out eccentricity from the optical 
axis (AX) on the pupil surface (PS) of the projection optics (12) The synthetic illumination-light study 
system which leads the nonphotosensitivity illumination light (IL2B) to the pupil surface (PS) of the 
projection optics to the illumination light (IL1B) and its sensitization substrate (13) for the exposure 
(IB, 42, 2B, 4B, 7A, 8A), It is arranged on the pupil surface (PS) of the projection optics (12), and has 
the optical member (5B) which has the wavelength selection nature which passes only the 
nonphotosensitivity illumination light (IL2B) to the sensitization substrate side to the sensitization 
substrate (13) in fields other than the field which carried out eccentricity from the optical axis. 
[0012] In order to use the image formation flux of light which passes through the field which carried out 
eccentricity from the optical axis (AX) on the pupil surface (PS) of projection optics (12) according to 
the 2nd projection aligner of this this invention, it becomes using the pupil filter of a main protection- 
from-light mold substantially, and equivalence, and high resolution is obtained. In this case, by the 
optical member (5B), the illumination light for exposure (IL1B) passes only through fields, such as the 
shape of zona orbicularis, and the nonphotosensitivity illumination light (IL2B) passes through fields 
other than the field which carried out eccentricity from that optical axis to a sensitization substrate (13). 
Therefore, since the lens near the pupil surface (PS) of projection optics (12) is irradiated by two 
illumination light (IL1B, IL2B) by uniform illumination distribution, the high order fluctuation 
component in heat deformation of a lens or change of a refractive index decreases, and high order 
spherical-aberration fluctuation also decreases. And the nonphotosensitivity illumination light (IL2B) 
does not affect the projection image on a sensitization substrate (13). 
[0013] 

[Embodiment of the Invention] Hereafter, with reference to drawing 1 - drawing 3 , it explains per 1st 
example of the gestalt of operation of the projection aligner of this invention. This example applies this 
invention to the projection aligner of the stepper mold which projects the pattern on a reticle on each 
shot field on a wafer through projection optics. 

[0014] As drawin g 1 shows the outline configuration of the projection aligner of this example and it is 
shown in this drawin g 1 , the three light source sections (in drawing 1 , the two light source sections 1 
and 2 have appeared) are prepared in the projection aligner of this example. At the time of exposure, 
from the 1st light source section 1, the illumination light IL 1 of the photosensitive wavelength lambda 1 
is injected by the photoresist on a wafer 13, and the illumination light IL 2 of the nonphotosensitivity 
wavelength lambda 2 is injected by the photoresist on a wafer 13 from the 2nd light source section 2 and 
the 3rd non-illustrated light source section. After the illumination light injected from the light source 21 
which consists of a mercury lamp of the light source section 1 condenses to the 2nd focus in the ellipse 
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mirror 22, it turns into emission light and carries out incidence to a non-illustrated interference filter etc., 
and the illumination light IL 1 of i line (wavelength of 365nm) is extracted by the interference filter. 
Next, the illumination light IL 1 serves as the parallel flux of light with the input lens 23, and carries out 
incidence to the fly eye lens 24 as an optical integrator. The secondary light source is formed in each 
injection side of each lens element of the fly eye lens 24, and the surface light source is made by these 
secondary light sources. In the injection side of the fly eye lens 24, two or more aperture diaphragms 
26A-26C (refer to drawin g 2 (a)) in which the switch for adjusting the magnitude of the surface light 
source is free are arranged. These aperture diaphragms 26A-26C are fixed to the turret-like disk 25, and 
a desired aperture diaphragm can be set as the injection side of the fly eye lens 24 by rotating a disk 25 
by driving gear 25A. 

[0015] Drawin g 2 (a) shows the top view for explaining the concrete configuration of the aperture 
diaphragm on the disk 25 of drawin g 1 , and three aperture diaphragms 26A-26C are being fixed around 
the turret-like disk 25 by the equiangular distance in this drawing 2 (a). 1st aperture-diaphragm 26A has 
circular opening used when performing the usual lighting, and 2nd aperture-diaphragm 26B has small 
circular opening used when illuminating by the small coherence factor (sigma value). 3rd aperture- 
diaphragm 26C has big circular opening, and in this example, when performing zona-orbicularis lighting 
or deformation lighting, it sets the 3rd aperture-diaphragm 26C as the injection side of the fly eye lens 
24. That is, at the time of zona-orbicularis lighting, aperture-diaphragm 26D of the shape of zona 
orbicularis shown in drawin g 2 (b) is usually used, and aperture-diaphragm 26E which has four small 
openings arranged considering the optical axis shown in drawing 2 (c) as a core is used at the time of 
deformation lighting. However, in this example, aperture-diaphragm 26D etc. is substantially made to 
serve a double purpose by the below-mentioned deformation mirror 5 grade. In drawing 1 , 3rd aperture- 
diaphragm 26C is arranged on the optical path of the illumination light IL 1. 

[0016] The illumination light IL 1 which passed aperture-diaphragm 26C penetrates the 1st relay lens 
27, and the lighting range is prescribed by the field diaphragm (reticle blind) 28. The illumination light 
IL 1 as which the lighting range was specified passes through the perimeter of the deformation mirror 5 
which consists of four mirrors 6A-6D ( drawing 1 shows two of the mirrors 6A and 6B of it) which were 
injected from the light source section 1 and have been arranged in the shape of [ of concave ] 4 pyramids 
centering on the optical axis AX of an illumination-light study system through the 2nd relay lens 3 at the 
2nd relay lens 3 side. The reflector of four mirrors of the deformation mirror 5 turns to an outside, and 
inclines about 45 degrees to the optical axis AX of an illumination-light study system. Furthermore, the 
top face of the deformation mirror 5 is arranged in the location [ **** / the arrangement side of aperture- 
diaphragm 26C ]. Incidence of the illumination light IL 1 which passed through the perimeter of the 
deformation mirror 5 is carried out to a reticle 10 through a condensing lens 9. 

[0017] Drawin g 3 (a) shows drawing which saw the deformation mirror 5 of drawing 1 from the reticle 
10 side, in this drawin g 3 (a), it is an equal configuration mutually, and it is close and Mirrors 6A-6D are 
arranged so that four[ which make the optical axis AX of an illumination-light study system top-most 
vertices ] -sided pyramids may be formed. Moreover, the appearance 17 of the base of Mirrors 6A-6D 
forms one periphery centering on an optical axis AX as a whole. And it is constituted so that the 
illumination light IL 1 may pass through the field 15 of the shape of zona orbicularis between the 
appearance 17 and periphery 16 of the image of opening of aperture-diaphragm 26C of drawing 1 . That 
is, the deformation mirror 5 of this example is making the zona-orbicularis-like aperture diaphragm 
serve a double purpose. 

[0018] Return and the deformation mirror 5 are constituted by drawing 1 so that it can exchange for 
another deformation mirror, while being able to evacuate with the evacuation swap device 8 at the 
outside of the optical path of the illumination light IL 1. Next, the 2nd light source section 2 is 
constituted including the lens system which emits the light source for un-exposing, and the flux of light 
from the light source on a predetermined flare square. And the nonphotosensitivity illumination light IL 
2 is made the parallel flux of light by the relay lens 4, and carries out incidence to the photoresist 
injected from the light source section 2 arranged at the upper left section of a reticle 10 at mirror 6A in 
the deformation mirror 5 from the direction where the optical axis AX of an illumination-light study 
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system and a part cross at right angles. A part of illumination light IL 2 is caudad turned by mirror 6A, 
and it is reflected. The illumination light IL 2 which passed the lower part of mirror 6A carries out 
incidence of the flux of light which was reflected by Mirrors 7A and 7B, carried out incidence to mirror 
6B in the deformation mirror 5, and was reflected by mirror 6B to a condensing lens 9 with the flux of 
light reflected by mirror 6A. Although not illustrated The optical system which consists of the light 
source section 2, a relay lens 4, and mirrors 7A and 7B, and the same optical system are arranged also in 
the direction perpendicular to the space of drawing 1 . The nonphotosensitivity illumination light (also 
let this be the illumination light IL 2) is caudad reflected in a photoresist by the mirrors 6C and 6D (refer 
to drawing 3 ) in the deformation mirror 5 from the 3rd light source section arranged in the direction 
perpendicular to the space of this drawing 1 . Therefore, the illumination light IL 2 is reflected in the 
circular field inside the zona-orbicularis-like field 15 through which the illumination light IL 1 passes in 
drawing 3 (a). 

[0019] In drawin g 1 , both the illumination light IL 2 reflected by the illumination light IL 1 which 
passed through the perimeter of the deformation mirror 5, and the deformation mirror 5 is irradiated on a 
reticle 10 with a condensing lens 9. The illumination light IL1 and IL2 irradiated on the reticle 10 passes 
the pattern space on a reticle, and is irradiated on a wafer 13 through projection optics 12. Under the 
illumination light IL 1 for exposure, about projection optics 12, the pattern side of a reticle 10 and the 
front face of a wafer 13 are conjugation, and since the illumination light IL 2 is nonphotosensitivity at 
the photoresist on a wafer 13, only the pattern image on the reticle 10 illuminated by the illumination 
light IL 1 for the exposure exposes the photoresist on a wafer 13. In this case, the optical Fourier 
transform sides over the pupil surface PS within projection optics 12, i.e., the pattern side of a reticle 10, 
are ****** of aperture-diaphragm 26C as a result the top face of the deformation mirror 5, and 
conjugation, and aperture-diaphragm AS is arranged at the pupil surface PS. 

[0020] Although the wavelength lambda 1 of the illumination light IL 1 and the wavelength lambda 2 of 
lighting IL 2 change with classes of** material which forms the class of photoresist, and the lens of 
projection optics 12 etc., in the usual case, wavelength lambda 1 chooses less than 530nm, and 
wavelength lambda 2 chooses the wavelength of 530nm or more. As illumination light IL 1 for 
exposure, although i line of a mercury lamp is used in this example, the bright line, ArF excimer laser 
light (wavelength of 193.2nm) and KrF excimer laser light (wavelength of 248. 5nm) or copper steamy 
laser of a mercury lamp, such as g line (wavelength of 436nm), the higher harmonic of an YAG laser, 
etc. can be used in addition to it. Moreover, as illumination light IL 2, it is the wavelength which does 
not expose a photoresist, and the thing near the illumination light IL 1 as a whole has the desirable 
amount of light absorption per unit area in the ** material or coating film of a lens. From the semantics, 
as illumination light IL 2, when the rate of light absorption is small, the optical reinforcement of the 
light source is strong, and when the optical reinforcement of the light source is small on the other hand, 
the biggest possible thing of the rate of light absorption to the ** material or coating film of a lens of 
projection optics 12 is desirable. As an example of the illumination light IL 2, the laser beam 
(wavelength of 633nm) from helium-Ne laser etc. is mentioned, for example. 

[0021] In addition, when predetermined glass with the good permeability from a quartz or an ultraviolet 
area to a near-infrared region is used as ** material for the lenses of projection optics, since these ** 
material has a remarkable rate of light absorption from long wave length about 2 micrometers or more, it 
may use HF chemical laser light (wavelength of 2.4-3.4 micrometers) using the chemical reaction of 
hydrogen fluoride (HF) gas etc. as illumination light IL 2. Moreover, since optical glass other than a 
quartz contains the impurity, its illumination light which even the wavelength of 530nm or more has 
some which have a rate of light absorption near [ cm ] in 1% /, and has such a rate of light absorption 
near [ cm ] in 1% /is also effective enough. As an example of such illumination light, C line (wavelength 
of 656.3nm) from the hydrogen (H2) discharge tube, d line (wavelength of 587.6nm) from the helium 
(helium) discharge tube, etc. are mentioned. In drawing 1 , the optical axis AX of an illumination-light 
study system has agreed with the optical axis of projection optics 12, below, takes the Z-axis in parallel 
with an optical axis AX, and takes and explains a Y-axis to the space of drawing 1 on a two-dimensional 
flat surface perpendicular to the Z-axis at right angles to the space of the X-axis and drawing 1 in 
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parallel. 

[0022] The reticle 10 is laid on the reticle stage 1 1 which can be moved slightly to the direction of X, 
the direction of Y, and a hand of cut. The location of a reticle stage 10 is measured by the precision with 
the external laser interferometer (un-illustrating), and the location of a reticle stage 1 1 is controlled 
based on the measured value of the laser interferometer. On the other hand, a wafer 13 is laid on the 
wafer stage 14 which positions a wafer to the direction of X, the direction of Y, and a Z direction 
through a non-illustrated wafer holder, the location of the wafer stage 14 is measured by the precision 
with the external laser interferometer, and the location of the wafer stage 14 is controlled based on the 
measurement value. The actuation which moves by the wafer stage 14 at the core of each shot field of a 
wafer 13 focusing on exposure of projection optics 12, and exposure actuation are repeated by the step- 
and-repeat method, and the image of the pattern on a reticle 10 is imprinted by each shot field on a wafer 
13. 

[0023] Next, actuation of the projection aligner of this example is explained. In this example, since 
zona-orbicularis lighting is substantially performed by the illumination light IL 1 for exposure 
combining aperture-diaphragm 26C which has big opening, and the deformation mirror 5 as first shown 
in drawin g 1 , high resolution is obtained to a periodic predetermined pattern. Moreover, as shown in 
drawing 3 (a), the nonphotosensitivity illumination light IL 2 passes through the field inside a field 15 
on the pupil surface PS of projection optics 12, and a field [ **** / almost ] to the photoresist which the 
photosensitive illumination light IL 1 passed through the zona-orbicularis-like field 15 to the 
photoresist, and was reflected according to the reflector of the deformation mirror 5. If incidence of the 
illumination light IL1 and IL2 is carried out to projection optics 12 through the reticle 10 of drawing 1 in 
the state of such lighting, illumination light IL1 and IL2 will pass through the inside of the circular field 
centering on an optical axis AX as a whole on the pupil surface PS of projection optics 12. Therefore, 
the lens of the projection optics 12 of a near [ the pupil surface PS ] absorbs and carries out the 
temperature rise not only of a periphery but the core for heat energy. Therefore, with the lens near pupil 
surface PS, the rate of the secondary fluctuation component, heat deformation and refractive-index 
change, becomes large to a high order fluctuation component. Since spherical-aberration fluctuation of 
projection optics 12 is proportional to heat deformation of the lens near pupil surface PS, or change of a 
refractive index mostly, the secondary component of spherical-aberration fluctuation increases and high 
order spherical-aberration fluctuation of projection optics 12 is suppressed. 

[0024] In addition, although the deformation mirror 5 for zona-orbicularis lighting was used in drawing 
I , 4 pyramid-like deformation mirror 5 A (refer to drawing 3 (b)) which makes aperture-diaphragm 26E 
for deformation lighting shown in drawin g 2 (c) serve a double purpose is also prepared in this example. 
That is, when performing deformation lighting, deformation mirror 5A is set up on the optical path of 
the illumination light IL 1 instead of the deformation mirror 5 through the evacuation swap device 8 of 
drawing 1 . 

[0025] Drawin g 3 (b) shows drawing which looked at deformation mirror 5A for deformation lighting 
from the reticle 10 side of drawin g 1 , in this drawin g 3 (b), it is an equal flabellate form mutually, and it 
is close and four mirrors 19A-19D which constitute deformation mirror 5 A are arranged so that four 
[ which turned the convex to the reticle 10 which makes an optical axis AX top-most vertices ] -sided 
pyramids may be formed. Moreover, as for Mirrors 19A-19D, the field by the side of a reticle 10 is one 
centering on optical axis AX periphery [ appearance / which was seen from the reticle 10 of Mirrors 
19A-19D by being a reflector ]-as a whole 16A. This periphery 16A is almost equal to the periphery 16 
of the circular field through which the illumination light IL 1 of drawing 3 (a) passes. Moreover, by the 
equiangular distance, it sees from a reticle 10 side inside periphery 16A of the appearance of each 
mirrors 19A-19D, and the circular transparency sections 18A-18D are formed in it, and it is constituted 
so that the illumination light IL 1 for exposure of drawing 1 may penetrate these transparency sections 
18A-18D. This deformation mirror 5 A is making aperture-diaphragm 26E for the deformation lighting 
of drawin g 2 (c) serve a double purpose. 

[0026] That is, through the evacuation swap device 8 of drawing 1 , when performing deformation 
lighting by this example, the top-most vertices are turned to a reticle 10 side, and deformation mirror 5 A 
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is arranged instead of the deformation mirror 5 of drawing 1 , so that the top-most vertices of a pyramid 
may be in agreement with an optical axis AX. The illumination light IL 1 penetrates the four 
transparency sections 18A-18D, and is irradiated on the reticle 10 of drawing 1 by this. On the other 
hand, it is reflected in the field except the transparency sections 18A-18D within periphery 16A of 
drawing 3 (b), and the illumination light IL 2 for un-exposing is irradiated on a reticle 10. Since the top 
faces of deformation mirror 5 A are the pupil surface PS of projection optics 12, and conjugation, on the 
pupil surface PS of projection optics 12, the circular field centering on an optical axis AX is illuminated 
by illumination light IL1 and IL2. Therefore, while high resolution is obtained by deformation 
illumination, high order spherical-aberration fluctuation is suppressed. And the illumination light IL 2 
for un-exposing does not have a bad influence on an image formation property. Moreover, what is 
necessary is to evacuate the deformation mirrors 5 and 5 A from the optical path of the illumination light 
IL 1 through the evacuation swap device 8, and just to set up the aperture diaphragms 26A and 26B of 
drawing 2 (a) as an aperture diaphragm in drawing 1 , when using the usual illumination. 
[0027] In addition, the photosensitive illumination light IL 1 is reflected in a photoresist in the reflector 
of the deformation mirrors 5 and 5 A of drawing 3 (a) or drawing 3 (b), and you may make it a 
configuration which shades a part of nonphotosensitivity illumination light IL 2 to a photoresist. What is 
necessary is to prepare the circular transparency section, for example instead of the deformation mirror 5 
of drawin g 3 (a), so that the illumination light IL 2 may penetrate in the center section, and just to use 
the deformation mirror which has the zona-orbicularis-like reflector in which the illumination light IL 1 
which carries out incidence from the direction which intersects perpendicularly around the transparency 
section to the illumination light IL 2 is reflected, while replacing the light source sections 1 and 2 and 
related arrangement of optical system in drawin g 1 when making it such a configuration. 
[0028] Next, the modification of the 1st example of the gestalt of operation of this invention is explained 
with reference to drawin g 4 . This modification is again divided into two illumination light by the 
aperture diaphragm which has the wavelength selection nature which compounded beforehand the 
illumination light for exposure, and the illumination light of nonphotosensitivity [ photoresist ], and 
prepared the synthetic light before the reticle 10, and it is constituted so that a reticle 10 may be 
illuminated. In drawin g 4 , the same sign is given to the part corresponding to drawin g 1 , and the detail 
explanation is omitted. 

[0029] Drawin g 4 showed the outline configuration of the projection aligner of this modification, and 
arranges light source section 1 A which injects photosensitive illumination-light ILIA to a photoresist 
like the light source section 1 of drawin g 1 , and light source section 2A which injects 
nonphotosensitivity illumination-light IL2A to a photoresist like the light source section 2 of drawin g 1 
in the form where a location is mutually replaced with, in this drawing 4 . And the polarization beam 
splitter 31 is arranged in the location where those illumination-light ILIA and illumination-light IL2A 
cross. Illumination-light ILIA and IL2A of this modification presuppose that it is the linearly polarized 
light of P polarization, respectively. Illumination-light IL2A of P polarization of wavelength lambda 2 
injected from the field diaphragm of light source section 2A is made the parallel flux of light by relay 
lens 4A, penetrates a polarization beam splitter 31, and is changed into the circular polarization of light 
by the quarter-wave length plate 34. On the other hand, it is injected from the field diaphragm of light 
source section 1A, and a polarization beam splitter 31 is penetrated from the direction which intersects 
perpendicularly with the optical path of illumination-light IL2A, it is reflected by the mirror 33 through 
the quarter-wave length plate 32, and incidence of the illumination-light ILIA of P polarization made 
the parallel flux of light by relay lens 3 A is again carried out to the quarter-wave length plate 32, and it 
is changed into S polarization. It is reflected by the polarization beam splitter 31, and incidence of the 
illumination-light ILIA changed into S polarization is carried out to the quarter-wave length plate 34, 
and it is changed into the circular polarization of light. Incidence of illumination-light ILIA changed 
into the circular polarization of light by the quarter-wave length plate 34 and the IL2A is carried out to 
the aperture diaphragm 37 which has wavelength selection nature through relay lenses 35 and 36. 
[0030] Drawin g 5 (a) shows the top view of an aperture diaphragm 37, and the aperture diaphragm 37 
consists of a light filter 39 of the shape of zona orbicularis which penetrates illumination-light ILIA of 
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wavelength lambda 1, and hardly penetrates illumination-light IL2A of wavelength lambda 2, and a 
circular light filter 38 whfch penetrates illumination-light IL2A of wavelength lambda 2, and hardly 
penetrates the illumination light IL 1 of wavelength lambda 1 in this drawing 5 (a). Moreover, the 
aperture diaphragm 37 is arranged on the pupil surface PS of projection optics 12, and the field [ **** ] 
so that a core may agree in an optical axis AX. And illumination-light ILIA from light source section 
1 A is irradiated by the field containing the zona-orbicularis-like light filter 39, and illumination-light 
IL2A from light source section 2A is irradiated by the field containing the circular light filter 38. 
[003 1] After two illumination-light ILIA compounded by the polarization beam splitter 31 and IL2A 
pass an aperture diaphragm 37, they are irradiated on a reticle 10 through a condensing lens 9. The 
pattern image of a reticle 10 is projected on a wafer 13 through projection optics 12. On the pupil 
surface PS of projection optics 12, the same illumination-light ILIA as the 1st example and IL2A pass 
through an almost circular field. The optical path of the following illumination-light ILIA and IL2A is 
attached like the 1st example, and omits explanation. 

[0032] While the same high order spherical-aberration reduction effectiveness as the 1st example is 
acquired, in order for the aperture diaphragm 37 which has wavelength selection nature to prescribe the 
passage field of illumination-light ILI A and IL2A according to this modification, the complicated 
configuration of using the deformation mirror 5 like the 1st example is unnecessary. Moreover, since 
light source section 2A of wavelength lambda 2 can be managed with one, the whole equipment can be 
constituted in a compact. Moreover, since the 2 flux of lights of the linearly polarized light compounded 
by the polarization beam splitter 3 1 are changed into the circular polarization of light by the quarter- 
wave length plate 34, in case image formation is carried out on a wafer 13, a good imprint is performed 
even if the direction of the pattern of a reticle 10 changes. In addition, as it replaces with a polarization 
beam splitter 3 1 and the two-dot chain line of drawin g 4 shows, dichroic mirror 31 A can also be used. 
This dichroic mirror 3 1 A penetrates illumination-light IL2A, it has the wavelength selection nature 
which reflects illumination-light ILIA, and both illumination-light ILIA and IL2A are compounded by 
this without futility. In this case, the quarter-wave length plates 32 and 34 and a mirror 33 become 
unnecessary, and it becomes easy to constitute them. Moreover, the aperture diaphragm 37 of drawing 4 
is constituted so that it can exchange for aperture-diaphragm 37 A for deformation lighting with the 
evacuation swap device 8 of drawin g 1 , and the same equipment. 

[0033] In case drawing 5 (b) performs deformation lighting, it shows the top view of aperture-diaphragm 
37A which has the wavelength selection nature used instead of the aperture diaphragm 37 of drawing 4 , 
and it sets it to this drawing 5 (b). Aperture-diaphragm 37A Four small circular light filters 40A-40D 
which penetrate illumination-light ILIA of wavelength lambda 1, and hardly penetrate illumination-light 
IL2A of wavelength lambda 2, And the appearance which penetrates illumination-light IL2A of 
wavelength lambda 2 in the field except these light filters 40A-40D, and hardly penetrates illumination- 
light ILIA of wavelength lambda 1 consists of circular light filters 41. A light filter 41 has an outer 
diameter almost equal to the outer diameter of the light filter 39 of drawin g 5 (a), it has four small 
circular openings formed by the equiangular distance near [ the ] the periphery, and light filters 40A- 
40D are formed in these four openings, respectively. Illumination-light ILIA for exposure passes four 
light filters 40A-40D, and nonphotosensitivity illumination-light IL2A passes the light filter 41 around 
the light filters 40A-40D to a photoresist. While deformation lighting is performed by this, high order 
spherical-aberration fluctuation is controlled. 

[0034] In addition, in d rawin g 5 (a) and drawing 5 (b), the effectiveness that what does not penetrate 
illumination-light IL2A from light source section 2A as much as possible reduces high order spherical- 
aberration fluctuation as the light filter 38 which illumination-light ILIA from light source section 1 A 
penetrates, and 40A-40D is large, and desirable. Next, the 2nd example of the gestalt of operation of the 
projection aligner of this invention is explained with reference to drawing 6 . This example applies this 
invention, when using a zona-orbicularis-like pupil filter. In addition, in drawing 6 , the same sign is 
given to the part corresponding to drawin g 1 , and the detail explanation is omitted. 
[0035] Drawin g 6 shows the outline configuration of the projection aligner of this example, and in this 
drawin g 6 , since it is easy, it divides and explains projection optics 12 to up lens system 12A and lower 
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lens system 12B. In this example, deformation mirror 5B of the 4 same pyramid molds as the 
deformation min or 5 of drawin g 1 is arranged near the pupil surface PS between those up lens system 
12A and lower lens system 12B. Illumination-light IL1B of the photosensitive wavelength lambda 1 is 
irradiated on a reticle 10 through a condensing lens 42 by the photoresist injected from the field 
diaphragm of the same light source section IB as the light source section 1 of drawing 1 . the aperture 
diaphragm in light source section IB is the same as that of aperture-diaphragm 26C of drawing 2 (a) - 
big - it is circular. The Fourier transform of the illumination-light IL1B which penetrated the reticle 10 
is optically carried out by up lens system 12 A, and it passes through the perimeter of deformation mirror 
5B. Photosensitive illumination-light IL1B is shaded in the circular field centering on an optical axis AX 
by this deformation mirror 5B at a photoresist. That is, deformation mirror 5B is making the zona- 
orbicularis-like pupil filter serve a double purpose. After nonphotosensitivity illumination-light IL2B is 
made into the parallel flux of light by relay lens 4B, a part is reflected in the photoresist of wavelength 
lambda 2 injected on the other hand from the same light source section 2B as the light source section 2 
of drawing 1 towards a wafer 13 side in the 1st reflector of deformation mirror 5B. In this case, 
illumination-light IL2B which passed the lower part of deformation mirror 5B like the 1st example of 
drawin g 1 is reflected, and the mirrors 7A and 8A for making the 2nd reflector of deformation mirror 5B 
carry out incidence are arranged. 

[0036] Furthermore, the light source section which supplies the illumination light of wavelength lambda 
2 in the direction perpendicular to the space of drawin g 6 to the 3rd and 4th reflectors of deformation 
mirror 5B also by this example is prepared. Illumination-light IL2B reflected by deformation mirror 5B 
is irradiated on a wafer 13 through lower lens system 12B. In this example, since the field near the 
optical-axis AX of illumination-light IL1B for exposure is shaded by deformation mirror 5B arranged at 
the pupil surface PS of projection optics 12, the same high resolution as the case where the pupil filter of 
a main zona-orbicularis-like protection-from-light mold is installed to a predetermined pattern is 
obtained. Moreover, since the ** material of lower lens system 12B is illuminated by two waves of 
illumination-light IL1B and IL2Bs by uniform illumination distribution, high order heat deformation and 
change of a refractive index are suppressed, and high order spherical-aberration fluctuation of projection 
optics 12 is suppressed. 

[0037] In addition, as supplemented in the 1st example of the gestalt of operation of this invention, 
photosensitive illumination-light IL1B is reflected in a photoresist in the reflector of deformation mirror 
5B, and you may make it a configuration which makes a photoresist penetrate nonphotosensitivity 
illumination-light IL2B in the other part. What is necessary is to prepare circular opening as a 
deformation mirror, so that illumination-light IL2B may penetrate in the center section, and just to use 
the deformation mirror which has a zona-orbicularis-like reflector to illumination- light IL1B which 
carries out incidence from the direction which intersects perpendicularly around the opening to 
illumination-light IL2B, while replacing light source section IB, 2B, a reticle 10, up lens system 12A, 
and related arrangement of optical system in drawin g 6 when making it such a configuration. 
[0038] Next, the modification of the 2nd example of the gestalt of operation of this invention is 
explained with reference to drawin g 7 . The configuration to the projection optics of the projection 
aligner of this modification is the same as that of the modification of the 1st example of drawing 4 
almost (however, the aperture diaphragm 37 is excluded), gives the same sign to the part corresponding 
to drawin g 4 and drawin g 6 in drawing 7 , and omits the detail explanation. Drawing 7 showed the 
outline configuration of the projection aligner of this example, and arranges the aperture diaphragm 43 
which has the same wavelength selection nature as the aperture diaphragm 37 of drawing 5 (a) near the 
pupil surface PS between up lens system 12A of projection optics 12, and lower lens system 12B in this 
drawin g 7 . Illumination-light ILIA of the photosensitive wavelength lambda 1 is compounded by the 
polarization beam splitter 31, it penetrates a reticle 10 to the photoresist injected by the photoresist 
injected from light source section 2A from illumination-light IL2A of the nonphotosensitivity 
wavelength lambda 2, and light source section 1 A, and the Fourier transform is optically carried out to it 
by up lens system 12A of projection optics 12, and it carries out incidence to it at an aperture diaphragm 
43. The light filter of the shape of zona orbicularis which penetrates only photosensitive illumination- 
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light ILIA, and the circular light filter which penetrates only nonphotosensitivity illumination-light 
IL2A to a photoresist by the inside are formed in the photoresist like drawing 5 (a), and an aperture 
diaphragm 43 acts on an aperture diaphragm 43 as a pupil filter of a main protection- from-light mold to 
illumination-light ILIA. After another illumination-light IL2A passes through the circular field where 
illumination-light ILIA was shaded, incidence of it is carried out on a wafer 13 through lower lens 
system 12B. 

[0039] In this modification, high resolution is obtained like the example of drawing 6 by the aperture 
diaphragm 43 arranged at the pupil surface PS of projection optics 12. Moreover, since the ** material 
of lower lens system 12B is illuminated by two illumination-light ILIA and IL2A by uniform 
illumination distribution, high order spherical-aberration fluctuation is suppressed. In addition, as a light 
filter which penetrates illumination-light ILIA from light source section 1 A, the light filter which does 
not penetrate illumination-light IL2A from light source section 2A as much as possible has the greatly 
desirable effectiveness of reducing high order aberration. In addition, like the example of drawing 4 , it 
may replace with a polarization beam splitter 31, and a dichroic mirror may be used. 
[0040] Next, in the gestalt of above-mentioned operation, the illumination distribution over the lens of 
projection optics 12 is equalized, and it explains that high order aberration fluctuation is suppressed 
based on the example of count. First, the temperature distribution after the rise by the exposure of the 
illumination light are calculated. When a lens is approximated to a cylindrical shape, and heat does not 
flow out of the side face of a lens through surrounding air but the edge of a lens touches a metal, only 
from the edge, it flows out and the absorbed energy density distribution in a lens sets heat constant to the 
surrounding include angle of an optical axis AX. The temperature distribution after r, then a rise are set 
to function [ of Variable r ] T (r) in the variable showing a radial distance of the lens, and when the 
absorbed duty and thermal conductivity per unit volume of a lens are set to omega (r) and lambda, 
respectively and the circumradius of a lens is set to a, the heat conduction equation in the cylindrical 
coordinate system in a thermal equilibrium state can be expressed like a degree type. 
[0041] 

[Equation 1] ** - 2 T/**r2+(l/r) **T/** r+omega (r) / lambda= 0 - if this heat conduction equation is 
solved, it will become like a degree type. 
[0042] 
[Equation 2] 

CO 

T (r ) - 2 B i J o (p i ■ r) 

i - 1 

[0043] Here, Jn (pi and r) is the n-th 1st sort bessel (Bessel) function (n= 0, 1 and 2, --), and is pi. It is 
the sequence of numbers with which Jl(pi and a) =0 is filled (i= 1, 2 and 3, — ). Moreover, multiplier Bi 
It asks by the degree type. 
[0044] 
[Equation 3J 

Bi = 2 J a) (r) Jo (pi-r) rdr/Upi2 a 2[Ji (pi-a)] 2 ) 
o 

[0045] It sets at the section when Variable r fills hj <=r<=hj +1 in certain j (1 <=j<=N) when an 
absorbed duty omega (r) is especially expressed with a stair-like function within the radius (exposure 
radius) of an exposure field, and an absorbed duty omega (r) is constant value omega j. The following 
relation is materialized when taking. 
[0046] 
[Equation 4] 
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N a 



J <o (r) Jo ( p i • r ) r d r = 2 J 6> j • J o (pi » r) rdr 



j = i o 



N 



= 1jcoj { h j + 1 • J l (p i • h i + i) — h j • J l (pi-hj 



)}/pi 



j = i 



[0047] Therefore, it is a multiplier Bi by substituting (several 4) for (several 3). It asks and is this 
multiplier Bi. By substituting for (several 2), temperature-distribution [ after a rise ] T (r) is called for. 
Next, if the BEKI expansion into series of the temperature-distribution [ after a rise ] T (r) is carried out 
to the term of rlO with the least square method as follows in order for temperature-distribution [ after a 
rise ] T (r) to investigate of which degree aberration fluctuation appears mostly, it will become like a 
degree type. 
[0048] 

[Equation 5] T(r) =T0+C2, r2+C4, r4+C6, r6+C8 and r8+C10, and rlO ~ the unit of ** and Variable r of 
the unit of temperature-distribution [ after a rise ] T (r) is mm in this case. Moreover, TO An optical axis 
AX r, i.e., a variable, is temperature-distribution [ after the rise in the location of 0 ] T (0). 
[0049] Hereafter, the example of count based on an actual numeric value is explained. The value 
(coherence factor) of the ratio of the numerical aperture by the side of the outgoing radiation of the 
illumination-light study system to the numerical aperture by the side of the incidence of projection 
optics (NA) is made into a sigma value, and this sigma value is set as 0.75. And the lens which a sigma 
value becomes from the quartz of the cylindrical shape of 40mm of circumradii according to the 
illumination system of 0.75 is illuminated, and it calculates based on the solution of the heat conduction 
equation of - (several 2) (several 4) about a case so that the radius d of the exposure field on a lens may 
be 30mm. The heat conductivity of a quartz is made into 0.0138W/(cmand**), and the rate of heat 
absorption of the lens to the photosensitive illumination light is made the photoresist on a wafer in 
2%/cm. 

[0050] In the 1st example of count, a sigma value calculates [ the total amount of exposure energy of the 
illumination light / a lens ] about the case where it irradiates uniformly, within the limits of 0.75 by 1 W 
first for a comparison. Drawing 8 (a) shows temperature-distribution [ after the rise by the 1st example 
of count ] T (r), an axis of abscissa expresses Variable r and an axis of ordinate expresses temperature- 
distribution [ after a rise ] T (r). As shown in curvilinear 46A of a continuous line, temperature- 
distribution [ after a rise ] T (r) has maximum at Zero AX, i.e., an optical axis, and shows a crest type 
change symmetrical with a shaft to it about an optical axis AX. In addition, dotted-line 47A shows 
exposure energy density [ of the illumination light ] P (r) as reference. Exposure energy density P (r) 
becomes the value PI with r fixed among VariablesO-d (exposure radius). Moreover, the coefficient C 2 
when developing the temperature distribution TO in an optical axis AX and temperature-distribution T 
(r) to BEKI series by (several 5) - C10 are shown in Table 1. 
'0051 ] 
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[0052] Next, the 2nd example of count is explained. This example of count is an example when only 
zona-orbicularis lighting is performed, and is an example of count for a comparison as well as the 1st 
example of count. A sigma value is 0.75 at the maximum, and the sigma value inside the zona 
orbicularis is 0.5. A lens is uniformly illuminated for the sigma value between 0.5-0.75, and 
temperature-distribution [ after a rise ] T (r) is calculated about the case where the total amount of 
exposure energy is 1 W. 

[0053] Drawin g 4 (b) shows temperature-distribution [ after the rise by the 2nd example of count ] T (r), 
and in this drawing 4 (b), as shown in curvilinear 46B of a continuous line, as for temperature- 
distribution [ after a rise ] T (r), Variable r serves as the fixed rise temperature TB between about 0 - e. 
Variable r serves as the fixed value P2 between e-d, and, as for exposure energy density P (r) shown by 
dotted-line 47B, r has become 0 among VariablesO-e. The coefficient C 2 when developing the 
temperature distribution TO after a rise with an optical axis AX and temperature-distribution [ after a 
rise ] T (r) to BEKI series by (several 5) - C10 are shown in Table 2 like the 1st example of count. 
[0054] 

[Table 2] 
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[0055] Next, the 3rd example of count is explained. This example of count asks the photoresist on a 
wafer 13 for temperature-distribution [ after a rise in case the lens is illuminated by two illumination 
light of the nonphotosensitivity illumination light ] T (r) at the photosensitive illumination light and its 
photoresist like the gestalt of operation shown in drawin g 1 , drawing 4 , drawing 6 , and drawin gJZ . In 
this case, within the limits of 0.75 to 0.5, a lens shall be uniformly illuminated for the total amount of 
exposure energy by the photoresist by 1 W by the illumination light of photosensitivity [ sigma value ], 
and the lens shall be illuminated so that a sigma value may become [ a sigma value / exposure energy 
density P (r) ] a photoresist from 0.5 by the illumination light of nonphotosensitivity wavelength within 
the limits of 0.0 one half of the exposure energy density in the range of 0.75 to 0.5. 
[0056] Drawin g 4 (c) shows temperature-distribution [ after the rise by the 3rd example of count ] T (r), 
and as this drawin g 4 (c) is shown in curvilinear 46C of a continuous line, temperature-distribution 
[ after a rise ] T (r) has Maximum TC at Zero AX, i.e., an optical axis, and it shows a crest type change 
symmetrical with a shaft about an optical axis AX. Moreover, Variable r serves as the fixed value P2 
between e-d, and exposure energy density P (r) has become the value P3 (=P2/2) with r fixed among 
VariablesO-e, as shown in dotted-line 47C which changes stair-like. Moreover, the coefficient C 2 when 
developing the temperature distribution TO in an optical axis AX and temperature-distribution T (r) to 
BEKI series by (several 5) - C10 are shown in Table 3. 
[0057] 
[Table 3] 
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[0058] In addition, in the 1st and 2nd examples of count, the total amount of exposure energy is set to 
1 W, it sets for the 3rd example of count, and the sigma value is setting the amount of exposure energy of 
0.75 to 0.5 within the limits to 1 W. In this 3rd example of count, if a sigma value applies the amount of 
exposure energy in the range of 0.5-0.0, the total amount of exposure energy will exceed 1 W. This 
makes equal the amount of exposure energy of the photosensitive illumination light at the photoresist on 
the 1st - the wafer 13 in the 3rd example of count, and it sets it up so that the exposure time (throughput) 
may become equal. 

[0059] When the lighting gestalt (uniform lighting) shown in the 1st example of count is compared with 
the lighting gestalt (zona-orbicularis lighting) shown in the 2nd example of count, as shown in Table 1 
and 2, as compared with uniform lighting, rise temperature [ in / in the direction of zona-orbicularis 
lighting / an optical axis AX ] is low. Nevertheless, coefficient C 4 of BEKI series When it compares, it 
is the coefficient C 4 in uniform lighting. A value is the coefficient C 4 in zona-orbicularis lighting to 
4.4000x10-8. 2.7328x10-7 and the direction of zona-orbicularis lighting are large. That is, when uniform 
lighting is compared with zona-orbicularis lighting, it is a coefficient C 2. As for all the absolute values 
of the multiplier of the BEKI series of an except, the direction of zona-orbicularis lighting is large. Since 
heat deformation and refractive-index change are proportional to temperature-distribution [ after a rise ] 
T (r), it is proportional to temperature-distribution [ after aberration fluctuation also going up ] T (r). 
Coefficient C 2 That the zona-orbicularis lighting is larger means that the aberration fluctuation with the 
higher order zona-orbicularis lighting is large in all the multipliers of high order BEKI series. 
[0060] If the lighting gestalt in the gestalt of operation shown in drawing 1 , drawing 4 , drawing 6 , and 
drawing 7 is considered as "synthetic lighting" here Although there are more total exposures than 
uniform lighting or zona-orbicularis lighting as shown in the 3rd example of count when the 
illumination light is irradiated also near the optical axis with synthetic lighting As shown in Table 1 and 
2, it is a coefficient C 4. A value (= 1.7624x10-7) is the coefficient C 4 in zona-orbicularis lighting. It is 
smaller than a value (= 2.7328x10-7). Furthermore, if a coefficient C 6 and the absolute value of C8 and 
C10 are compared, also in which multiplier, the direction of synthetic lighting is smaller than zona- 
orbicularis lighting. This means that high order aberration fluctuation becomes small with synthetic 
lighting. 

[0061] Moreover, although it set for the 3rd example of count and the sigma value set sigma value's 
exposure energy density between 0-0.5 to one half of the density distribution between 0.5-0.75, it 
calculates about temperature-distribution [ when the sigma value is altogether irradiated by uniform 
exposure energy distribution in the range of 0-0.75 ] T (r), and compares with the case of the zona- 
orbicularis lighting of drawin g 4 (b). 

[0062] Between the energy density PI of drawin g 8 (a), and the exposure energy density P2 of drawing 
8 (b), the relation between P2=1.8 and PI is materialized. Therefore, in zona-orbicularis lighting like 
drawin g 8 (b), when a sigma value also irradiates less than 0.5 range with exposure energy density equal 
to a zona-orbicularis lighting field, in drawin g 8 (a), it is equivalent to the condition of having doubled 
exposure energy density 1.8. Therefore, the coefficient C 4 in Table 1 since all the multipliers of BEKI 
series are also doubled 1.8, and C6, C8 and C10 are 7.9200x10-8, -1.7821x10-10, 1.4937x10-13, and - 
3.7341x10-17, respectively. It becomes. When the value of these multipliers is compared with each 
multiplier of Table 2, they are the temperature distribution TO after the rise near the optical-axis AX. In 
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spite of being quite larger than the case where it is zona-orbicularis lighting, the multiplier to a 
coefficient C 4 - CIO is small altogether from the case of zona-orbicularis lighting. That is, even when a 
sigma value irradiates within the limits of 0-0.75 with synthetic lighting with the same exposure energy 
density P2 as zona-orbicularis lighting, aberration fluctuation higher order than the case of zona- 
orbicularis lighting means few things. 

[0063] In addition, although the gestalt of above-mentioned operation applies this invention to the 
projection aligner of a stepper mold, this invention is applicable also to the projection aligner of a scan 
exposure mold like step - and - scanning method. In addition, of course, configurations various in the 
range which this invention is not limited to the gestalt of above-mentioned operation, and does not 
deviate from the summary of this invention can be taken. 
[0064] 

[Effect of the Invention] In order to use the illumination light for the exposure from the light source 
distributed over the field which carried out eccentricity from the optical axis on the pupil surface of 
projection optics, and the field [ **** ] according to the 1st projection aligner of this invention, the 
effectiveness of the same improvement in resolution as the case where zona-orbicularis lighting or 
deformation lighting is performed is acquired. Moreover, since the nonphotosensitivity illumination 
light is irradiated, high order heat deformation and refractive-index change of the lens of projection 
optics decrease, and the advantage on which high order spherical-aberration fluctuation of projection 
optics is suppressed is in the field through which the illumination light for exposure does not pass when 
performing zona-orbicularis lighting and deformation lighting. 

[0065] Moreover, when an illumination-light study system illuminates a mask by the illumination light 
for the exposure from the zona-orbicularis-like light source or two or more light sources in the location 
which carried out eccentricity to the optical axis, high resolution is obtained by the so-called zona- 
orbicularis lighting and deformation lighting. Moreover, an illumination-light study system has an 
optical integrator for equalizing the illuminance distribution of the illumination light for exposure, in 
preparing the fill-in flash induction material which leads the illumination light from an auxiliary 
illumination system to a mask between an optical integrator and a mask, where the illumination light for 
exposure and the nonphotosensitivity illumination light are correctly separated on a pupil surface and a 
field [ **** ], a mask can be illuminated, and there is an advantage to which an image formation 
property does not deteriorate. 

[0066] Moreover, in order to use the image formation flux of light which passes through the field which 
carried out eccentricity from the optical axis on the pupil surface of projection optics by the optical 
member which has wavelength selection nature according to the 2nd projection aligner of this invention, 
there is an advantage from which the same resolution as the case where the pupil filter of a main zona- 
orbicularis-like protection-from-light mold is installed is obtained. Furthermore, the lens near the pupil 
surface of projection optics has the advantage to which the high order fluctuation component of heat 
deformation of a lens or a refractive index decreases since it irradiates by uniform illumination 
distribution by two illumination light of the illumination light for exposure, and the illumination light of 
nonphotosensitivity [ substrate / sensitization ], and high order spherical-aberration fluctuation of 
projection optics decreases. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Document to be Amended] Specification 

[Item(s) to be Amended] The name of invention 

[Method of Amendment] Modification 

[The contents of amendment] 

[Title of the Invention] The projection exposure approach and equipment 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] 

Projection optics which projects the image of the pattern on a mask on a sensitization substrate under the 
illumination light for exposure, 

In the projection aligner which has the illumination-light study system which illuminates said mask 

using the illumination light for said exposure from the light source distributed over the field which 

carried out eccentricity from an optical axis on the pupil surface of said projection optics, and a field 
r **** i 
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The projection aligner characterized by establishing the auxiliary illumination system which irradiates 
the illumination light of a nonphotosensitivity wavelength region to the field through which the 
illumination light for said exposure does not pass on the pupil surface of said projection optics to said 
sensitization substrate. 
[Claim 2] 

It is a projection aligner according to claim 1, 

Said illumination-light study system is a projection aligner characterized by illuminating said mask by 
the illumination light for said exposure from the zona-orbicularis-like light source or two or more light 
sources in the location which carried out eccentricity to the optical axis. 
[Claim 3] 

It is a projection aligner according to claim 1 or 2, 

Said illumination-light study system has an optical integrator for equalizing the illuminance distribution 
of the illumination light for said exposure, 

The projection aligner characterized by preparing the fill-in flash induction material which leads the 
illumination light from said auxiliary illumination system to said mask between this optical integrator 
and said mask. 
[Claim 4] 

It is the projection aligner of claim 1-3 given in any 1 term, 

The projection aligner characterized by preparing the fill-in flash induction material which draws the 
illumination light from said auxiliary illumination system between said masks and said images. 
[Claim 5] 

It is the projection aligner of claim 1-4 given in any 1 term, 

Said projection optics is a projection aligner characterized by having a lens. 

[Claim 6] 

It is a projection aligner according to claim 5, 

The illumination light from said auxiliary illumination system is a projection aligner characterized by 
setting up reinforcement according to the ** material of said lens, or the amount of light absorption in 
the coating film prepared in said lens. 
[Claim 7] 

It is a projection aligner according to claim 5 or 6, 

Said lens is a projection aligner characterized by being formed with a quartz. 
[Claim 8] 

It is the projection aligner of claim 5-7 given in any 1 term, 

Said auxiliary illumination system is a projection aligner characterized by irradiating the illumination 
light of said nonphotosensitivity wavelength region so that illumination distribution may become 
uniform to the lens near said pupil surface of said projection optics. 
[Claim 9] 

It is the projection aligner of claim 1-8 given in any 1 term, 

Said illumination-light study system is a projection aligner characterized by changing distribution of 
said light source on said pupil surface of said projection optics, and a field [ **** ]. 
[Claim 10] 

It is a projection aligner according to claim 9, 

Said illumination-light study system is a projection aligner characterized by switching the condition of 
distributing said light source over said field which carried out eccentricity from said optical axis on said 
pupil surface of said projection optics, and said field [ **** ], and the condition of distributing said light 
source over the circular field centering on said optical axis on said pupil surface of said projection 
optics, and said field [ **** ]. 
[Claim 11] 

It is a projection aligner according to claim 9 or 10, 

The projection aligner characterized by changing the field which irradiates the illumination light of said 
nonphotosensitivity wavelength region by said auxiliary illumination system according to modification 
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of distribution of said light source. 
[Claim 12] 

In the projection aligner using the image formation flux of light which passes through the field which 
carried out eccentricity from the optical axis on the pupil surface of said projection optics in case the 
image of the pattern on a mask is projected on a sensitization substrate through projection optics under 
the illumination light for exposure, 

The synthetic illumination-light study system which leads the nonphotosensitivity illumination light to 
the pupil surface of said projection optics to the illumination light and said sensitization substrate for 
said exposure, 

The projection aligner characterized by having the optical member which has the wavelength selection 
nature which passes only the nonphotosensitivity illumination light to said sensitization substrate side to 
said sensitization substrate in fields other than the field which it has been arranged on the pupil surface 
of said projection optics, and carried out eccentricity from said optical axis. 
[Claim 13] 

In the projection exposure approach which projects the image of the pattern on a mask on a sensitization 
substrate under the illumination light for exposure, 

The 1st process which forms the light source in the field which carried out eccentricity from the optical 

axis on the pupil surface of the projection optics which forms the image of said pattern, and the field 

j- **** j. 

The 2nd process which illuminates said mask using the illumination light for said exposure from the 

light source distributed over the field which carried out eccentricity from said optical axis; 

The 3rd process which irradiates the illumination light of a nonphotosensitivity wavelength region to 

said sensitization substrate to the field through which the illumination light for said exposure does not 

pass on said pupil surface of said projection optics; 

The projection exposure approach characterized by preparation ****** 

[Claim 14] 

It is the projection exposure approach according to claim 13, 

The projection exposure approach characterized by forming the zona-orbicularis-like light source or two 
or more light sources in the location which carried out eccentricity to said optical axis at said 1st 
process. 
[Claim 15] 

It is the projection exposure approach according to claim 13 or 14, 

It has further the 4th process which equalizes the illumination distribution of the illumination light for 
said exposure using an optical integrator, 

The projection exposure approach characterized by irradiating the illumination light of said 
nonphotosensitivity wavelength region from between said optical integrators and said masks at said 3rd 
process. 
[Claim 16] 

It is the projection exposure approach according to claim 13 or 14, 

The projection exposure approach characterized by irradiating the illumination light of said 
nonphotosensitivity wavelength region from between said masks and said images at said 3rd process. 
[Claim 17] 

It is the projection exposure approach of claim 13-16 given in any 1 term, 

Said projection optics is the projection exposure approach characterized by having the lens. 

[Claim 18] 

It is the projection exposure approach according to claim 17, 

The projection exposure approach characterized by irradiating the illumination light of said 
nonphotosensitivity wavelength region so that illumination distribution may become uniform to the lens 
near said pupil surface of said projection optics at said 3rd process. 
[Claim 19] 

It is the projection exposure approach of claim 13-18 given in any 1 term, 
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The projection exposure approach characterized by changing distribution of said light source on said 
pupil surface of said projection optics, and a field [ **** ] at said 1st process. 
[Claim 20] 

It is the projection exposure approach according to claim 19, 

The projection exposure approach characterized by switching the condition of forming said light source 

in said field which carried out eccentricity from said optical axis on said pupil surface of said projection 

optics, and said field [ **** ] at said 1st process, and the condition of forming said light source in the 

circular field centering on said optical axis on said pupil surface of said projection optics, and said field 
j- **** j 

[Claim 21] 

It is the projection exposure approach according to claim 19 or 20, 

The projection exposure approach characterized by having further the process which changes the field 

which irradiates the illumination light of said nonphotosensitivity wavelength region by said auxiliary 

illumination system according to modification of distribution of said light source. 

[Procedure amendment 3] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0007 

[Method of Amendment] Modification 

[The contents of amendment] 

[0007] 

In case this invention is exposed in view of this point using the pupil filter which shades near an optical 

axis, using zona-orbicularis lighting, deformation lighting, etc., it aims at offering the projection 

exposure approach and equipment with which high order spherical-aberration fluctuation of projection 

optics is suppressed, and high resolution is obtained. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0010 

[Method of Amendment] Modification 

[The contents of amendment] 

[0010] 

In this case, as for that illumination-light study system, it is desirable to illuminate that mask (10) by the 
illumination light for that exposure from the zona-orbicularis-like light source or two or more light 
sources in the location which carried out eccentricity to the optical axis (IL1). This means the 
illumination by the so-called zona-orbicularis lighting and deformation lighting, and, thereby, high 
resolution is obtained. 

Moreover, as for that illumination-light study system, it is desirable to have an optical integrator (24) for 
equalizing the illuminance distribution of the illumination light for that exposure (IL1), and to prepare 
the fill-in flash induction material (4, 6A-6D, 7A, 7B) which leads the illumination light (IL2) from that 
auxiliary illumination system (2) to that mask (10) between this optical integrator and its mask (10). 
Thereby, the illumination light (IL1) and illumination light (IL2) for exposure are easily compoundable. 
Moreover, the fill-in flash induction material (4B, 5B) which draws the illumination light from the 
auxiliary illumination system between the mask and its image may be prepared. 
Moreover, the projection optics is equipped with the lens as an example. 

Moreover, reinforcement may be set up according to the amount of light absorption in the coating film 
by which the illumination light from the auxiliary illumination system was prepared in the ** material of 
the lens, or its lens. 

Moreover, the lens is formed with a quartz as an example. 

Moreover, the auxiliary illumination system may irradiate the illumination light of the 
nonphotosensitivity wavelength region so that illumination distribution may become uniform to the lens 
near the pupil surface of the projection optics. 

Moreover, the illumination-light study system may change distribution of the light source on the pupil 
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surface of the projection optics, and a field [ **** ]. 

Moreover, you may make it the illumination-light study system switch the condition of distributing the 

light source over the field which carried out eccentricity from the optical axis on the pupil surface of the 

projection optics, and its field [ **** ], and the condition of distributing the light source over the circular 

field centering on the optical axis on the pupil surface of the projection optics, and its field [ **** ]. In 

this case, according to modification of distribution of that light source, the field which irradiates the 

illumination light of that nonphotosensitivity wavelength region by that auxiliary illumination system 

may be changed. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0012 

[Method of Amendment] Modification 

[The contents of amendment] 

[0012] 

In order to use the image formation flux of light which passes through the field which carried out 
eccentricity from the optical axis (AX) on the pupil surface (PS) of projection optics (12) according to 
the 2nd projection aligner of this this invention, it becomes using the pupil filter of a main protection- 
from-light mold substantially, and equivalence, and high resolution is obtained. In this case, by the 
optical member (5B), the illumination light for exposure (IL1B) passes only through fields, such as the 
shape of zona orbicularis, and the nonphotosensitivity illumination light (IL2B) passes through fields 
other than the field which carried out eccentricity from that optical axis to a sensitization substrate (13). 
Therefore, since the lens near the pupil surface (PS) of projection optics (12) is irradiated by two 
illumination light (IL1B, IL2B) by uniform illumination distribution, the high order fluctuation 
component in heat deformation of a lens or change of a refractive index decreases, and high order 
spherical-aberration fluctuation also decreases. And the nonphotosensitivity illumination light (IL2B) 
does not affect the projection image on a sensitization substrate (13). 

Next, the projection exposure approach by this invention is set under the illumination light for exposure 
to the projection exposure approach which projects the image of the pattern on a mask on a sensitization 
substrate. As opposed to the sensitization substrate the 1st process which forms the light source in the 
field which carried out eccentricity from the optical axis on the pupil surface of the projection optics 
which forms the image of the pattern, and the field [ **** ], and; - the 2nd process which illuminates 
the mask using the illumination light for the exposure from the light source distributed over the field 
which carried out eccentricity from the optical axis, and; — It has the 3rd process which irradiates the 
field to which the illumination light for the exposure does not pass the illumination light of a 
nonphotosensitivity wavelength region on the pupil surface of the projection optics. 
In this invention, the zona-orbicularis-like light source or two or more light sources in the location 
which carried out eccentricity to the optical axis may be formed at the 1st process. 
Moreover, it may have further the 4th process which equalizes the illuminance distribution of the 
illumination light for the exposure using an optical integrator, and the illumination light of the 
nonphotosensitivity wavelength region may be irradiated from between the optical integrator and its 
mask at the 3rd process. 

Moreover, at the 3rd process, the illumination light of the nonphotosensitivity wavelength region may be 
irradiated from between the mask and its image. 

Moreover, the projection optics is equipped with the lens as an example. 

Moreover, at the 3rd process, the illumination light of the nonphotosensitivity wavelength region may be 
irradiated so that illumination distribution may become uniform to the lens near the pupil surface of the 
projection optics. 

Moreover, at the 1st process, distribution of the light source on the pupil surface of the projection optics 
and a field [****] may be changed. 

Moreover, you may make it switch the condition of forming the light source in the field which carried 
out eccentricity from the optical axis on the pupil surface of the projection optics, and its field [ **** ], 
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and the condition of forming the light source in the circular field centering on the optical axis on the 

pupil surface of the projection optics, and its field [ **** ], at the 1st process. In this case, according to 

modification of distribution of that light source, you may have further the process which changes the 

field which irradiates the illumination light of that nonphotosensitivity wavelength region by that 

auxiliary illumination system. 

[Procedure amendment 6] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0064 

[Method of Amendment] Modification 

[The contents of amendment] 

[0064] 

[Effect of the Invention] 

In order to use the illumination light for the exposure from the light source distributed over the field 
which carried out eccentricity from the optical axis on the pupil surface of projection optics, and the 
field [ **** ] according to the 1st projection aligner and projection exposure approach of this invention, 
the effectiveness of the same improvement in resolution as the case where zona-orbicularis lighting or 
deformation lighting is performed is acquired. Moreover, since the nonphotosensitivity illumination 
light is irradiated, high order heat deformation and refractive-index change of the lens of projection 
optics decrease, and the advantage on which high order spherical-aberration fluctuation of projection 
optics is suppressed is in the field through which the illumination light for exposure does not pass when 
performing zona-orbicularis lighting and deformation lighting. 



[Translation done.] 



http://www4.ipdl jicipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.n... 8/23/2006 



mB*mmft up) 02) & 45 1^ ^ $g (a) <ii)*tttwH&N«* 

#^¥10-64790 

(43)&B8B ¥fiU0^(1998)33 6B 



(51)IntCl. 6 

HO 1 L 21 /027 
G 0 3 F 7/20 


5 2 1 


F I ft^SS^SBf 
HO 1L 21/30 5 1 5 D 
G 0 3 F 7/20 5 2 1 
HO 1L 21/30 5 1 5 A 

SBtESfcfc *8S^ §|};&fi©»4 OL <£12H) 


(21)fflBHM» 


ftH¥8-221261 


(71) fflSA 000004112 








<22)tUKB 


¥j£84p(1996) 8 S22B 


itosta^ftffl Kiirort 3 t a 2 # 3 ^ 






(72)»W# *** 






«3}C«Pi 1 ftffiK*.Ort3TS2#3^ # 






S&tt^n >t*| 









(54) mwo&m mt&%mm. 



(57) 

ai-r?>3ta?.su2$^it*„ cassis i ot© 

moRRVMM L 1 <7)*!&±IC. Uf^JU 0ffiiJlcMf4U 
fcJg^®$*^-S5^-6 A, 6 B^e>^*^Jf$5^- 
5£iSI*£. JtJiHIll ^e><OSJtffl(DB3B^ I L 1 it. 
S£S7-5 0flH0M*tt0flfi«e9i8U #B*ffl 
COSBWTtl L 2liffiB55 7-5(DJ5^®T-S*tbTU^ 

oa^a»3t*3Ri 2icis]^5. 2 -oomw 

it I L 1 . 1 L 2 lC<fc D &8J3t^i6 1 2 CDBlEttifiro u 




(2) 



ttfflW- 1 0- 6 4 7 9 0 



HSrFS5*©fEH] 

© mm±x-mmtftm omwitt a<» m u & i \ 

SilEISB^Jt^Sli. «l««(DJtiS, XlittidilcttLT*! 

a. 

[SI#J1 3 ] K Xli 2 lE«©&gJBtt£SaT 

sU!E!SB^3t^^li, iTJiEfS*ffl©!BE3t©!Sigtttf;£i£| 
— -fbf 2>1Ztt><D*-?7 L '{j})l> - -Y >5^U— U. 

IC. *tliS«6bHSW^>e>©ra^«:mlE 7^^ |c3|< ft 

[S8*H4] SJtffl(DSaW3tcOt>iT , -7^^±C0/'C^ 

jsi§ r -& is** m^ffl t \ -s &&m%&w ic fe i \t, 
sniE*si?3t^s©8i®± icKa s n. naettwa* 

[5EfB©#aBfc!ttW] 
[0 0 0 1 ] 

[*W©«T*««#B1 *38B8ii. ffX.f*¥BttB 

BaBJSB?-. aaa?- (ccdh) . xiaatauB 

v*£±©A*->©«£®3tsffi±icB}tr-5;fc«>ic 
Bfiisns&BRftSBicHu ^ich^ssb^^^p 

£SBlCjgfflUTffilfc ! fc>©T&-5. 
[0 0 0 2] 

[&*©$«] a*. tt*.f;pMi{*B?-eHBr&ni 

IC. V^tUTWUy^l/ (Xl*7* S7^^S) © 

h»> ±ice¥-raxxyA-ii<Dssus3t^g^ffiffl 



s^iti§ft«e©/'c^->$fs^:-r-5fc«), mtjttu 
¥X©natt (n a) ^<lt. fE3t:$n-5/^- 
[ooo3] (iu BiciftB%?s©HDtt£*e<r 

•5<t. ^/S3Ea*t»<ttUr^-5fc». RQttlc&SU 

Tl**. C©RH»|ctt. SBlW3fei£m<0 2J*3tea©?Btt 
*tt*tt<kTr*lft*fiaMS^-C-©2»:3tjS<0?Ett€3t|4 

©ll:7-r;u*-£BEaUT> bb rgB«j ctyjKB 

S*|63±$tt<5^*)ra^$nTlN-5„ 
[0 0 0 4] 

[^B^»3iUcfc5<!:r-5SIi] JU±0DS£3RSWlCfct\ 

tsbicab? »t<t uT-»ic^-r-5S5t 

>«riSjau/t0;^Is]W3t, + 1 ;A0«T3t. SIX- 1 
tfftt© 3 Xsfi (C«t t> T 0 X/\_t ic-e-o/t* 
GtTZtziblz. «gJ3t^©ii®ttifi©U>Xl;J:*/kgp 

^^izzastiai^-^icis^sn*. s&. aft©MB% 

© txtTSBttS^BBfC f »£>gP£BBT StiBtt© 
B^-rJU^-fcRgUfcoif^tK »I?3ti£JR©S®(D 
i5<©U>Xli-t»lcS8W$tiS. CODJ:p^:SSWttffi 

A^lCfiCU. ^f^^ (Gauss) fltBOSM^flt^MM 

B5*©l*®iR«^»*<*^f*35*Hii>«:^ofc. 
[0 0 0 5] U*»U. ttWMti+ftJBHV!2ftlcJ:UJMH 

ffl©.^W5tort©^lco;^leilfT3tS^i ;*0t/T?tlc«k^ 

*^©»«S©fK5PISi|SlCifil\A^->*t$lM«^|c 

I*. a»3t^©3tttf»tjfi*ffijaf sjtjsroa^sasiJ 

lZlfr<T®lbi:'J>ts:<*3:Z. Sfc. }SgJ3t^ScDISMIc 

?ti4^i5^ S3t Lfzmy 4 )\>* gea ufeii^T t . 

8Sffi«fc U fc^x/MCjfilNaiJlcEfi^tlTUS U->X©?t 
!4f ! tifi*Sjit-5^©aiiSJ21g»lC]:b^T@©T^/«j: 

[0 0 0 6] Z\<D&.?\Z®.&ft!£3k<Ol,lsX\Ztt-rZ>f& 
mm.)\,*-<DWfH}t^i%—\ZtlZ>£. s U>X©JB2Z9 

i \ <t i * 5 aiuMs c: s„ c od «t 5 ttaa_t jt icttw l 



(3) 



13F»W 1 0-6 4 7 9 0 



Lfc U f-5©T. 2 ;* «fc U "bK*0#i*1B^>-tniC 

f*tt^©}t$|lllCifiOg|lttT-|4. «3t3tO!HWlC«ty^ 
£*»®©&l!)fc'l*T&< . UifclCiii;*©i*®iR;£SS) 

[0007] *£Hi**r£>«£icB*. nvnn^fts 
bbb«jbh*j&». x»jtiw>tifi*a3tr*ii7-f 

-*BfflUTBJfc*f73BC; SSB3t^S©»5»:©«11 
«BK»*»ilTKOB*Bj&*»&n*aBB3il£BB* 

[0 0 0 8] 

[BB***r*&»©*«] *&9UcJ:Sff 1 (DSB 
( I L 1 ) OfctT7^f (1 0) ±<D/\f — ><Dto& 

sjts<fi (i3) ±ica»r*a»**5R'(i 2) 

-€-OBB%¥B0BB. fiPBVX^ (1 0) <D/*9 — > 

Bi=«-r***W7-yxKiM[ (ps) ittaftB± 
Titw (ax) *»6«iifcufcim«ic#flir*3tai (2a? 

JfcB**fc) ft>&O*-0B*BG>BB% < I L 1 ) €B 

nrtwvx^ (10) eBtir&BH%¥B (i, 

3. 9) €*r*SBBJfcBBlca30T. 

s« (1 3) icttisTMeatttQ&AisaRinft; ( i l 
2) s-t-oaBtt** (12) omm (ps) ±-e^-© 

bbbhb (2) *si?tt)or*5. 

[0 0 0 9] Wi^«*l6W©SS 1 <DiSS?S3t^SlC«tn 
14". BB*** (12) ©ISiS (PS) <t*afc®±-e 
%M (AX) j*e>B£»LxfcB«lc*Mfi**3Ofc0>e>©B 

jutffloiRnx ( 1 l 1 ) «jflit«£is. bbbbb^k 

comic, ag?$t^ 
sin) ©iiffijg«cou>Xtt±ic3ttt*»e><s^ufc 

BBjP8%B0>B91% ( I L 1 ) ICj:UH8W$n. m*. 
tfWS©BBtt/t*->lc»UTBBBaa»»&*i*. 

*&. ««uswjfiic«fcyss?3t^» (1 2) osi (p 

S) ±TBJfcffl©BBJt ( I L 1 ) #9iiL&lMHl*. 
H)^3tMiifi^©«lsEt)^5tStfilcW UT#B#14©!BW 
ft (I L2) TBWStt*fc». «B3fc¥B (12) O 
BB (PS) IciSlM/^XlcttrSBSftfirtWa-Ica 
U. U'VXOBB&'PBttBQKftlc&ttSftftOKM 
c©fc«>lci4. ftSftttQBH* ( I 
L 2 ) 14, K3tfflOMn% ( I L 1 ) tP)fIg<DPSiR* 

Taf&tt^S (12) ©i^>X. xi4c©u>X©n- 

x-f >yBT««S*l*sfcBa»»4. U>XOI*ffliRM 
BUI*. U>X®B£JE*>B#TB0gfl:lcJ±tt-*-Sfc 
». »B3fc*3R (12) ®K%0)i*BBSKM;&f#P*.5 
ft*. {&L. BMBBSR (2) &>&OBB% (I L2) 
tt#B*ttT*afc«&. iSftgtS (1 3) ±lcK5Sn 
SBIcttBWjfltfcH. 

[0 0 1 0) C©«S. -tOBB3t¥*l4. ii^tt©*: 



B. XI4tt»lcttUTB»kbfctilfilc&a«B©ftB;* 
e>©-t©B3tffl©!H8ft ( I L 1 ) T-t©v*£ (1 

o) «Hwt*ct*«»*i/H. cnii. mnii^BM 

^BJBBBIC«fc*BWj****U. CftlcfcUBlMBB 
B«fB&n«. Sfc. -tOBBft^Bli. ^©Bttffl© 
BUB* ( I L 1 ) ©BB«-**1^— ■ftrSfc*©*^ 
-< AJU • •< >xXU-* (2 4) *WU C©*Xx-f 
M-'f>ffL'-^itro?^^ (i o) <t©Hlc. 
*©bbbb* (2) a>&a>BH% ( i l 2 ) *-e-©v 

(1 0) ICB< «l*3t»ABiJ» (4, 6A~6D, 
7 A. 7B) *|fl!lt*C<t««»*UlN. ClftlCfcU, B 

%bqbb% ( i l i ) £bb% ( i l 2) ttsnic 

[0 0 1 1] *f6tWlC<fc-5Sf?2©ai?Btt£B 
(4. 0!l;U4EI6IC^*-«fc?IC, B3tffl©BW3fc (I L 1 
B) ©tiit?^ (10) ±<D/*f ->©«£ag2# 
*»(12) $^UT@5tS« (13) ±lc!SS>-r&l8! 
IC. tO«U$%¥X (12) ©11® (PS) ±T3HCB 

(AX) *»6B/C>UfcB««:jiia-r*e«3tm*fflU4 
BBBttBBlcS^T. -?-©B^tffl©fi8^3t ( I L 1 
B) Rtf-£-©!3ftgtS (13) ICttUTftBttttQBtt 
3t (I L2B) «*-0£Btt¥B0>BB (PS) ICSS< 
BBBn%¥3 (1 B, 42. 2B. 4B, 7 A. 8 
A) £. -t<0JSK3t^m (12) ©-^©Sl® (PS) Jt 
ICES 5 n. -t©3fctt*Sfi»fcUfcB«JUtt©B«-CI4 
^©SitSffi (13) lC*tUT#NSbt14©!«Bt85t ( I L 

2 b) ©**-tro®3tsffiBiciiiaaii--5jssa»! , tt* 

*r*3t*Wtt (5B) £, £=&-r-5t>©T&-5. 
[0 0 1 2] 9f*>5*f6W©m 2 ©ag>B3t^SlC«fcn 

tfv *si?Jt^» (12) ©m® (ps) ±t»b (a 

W>. BXBC+ibS&BOft?***-^!**^* 
Bt<toTBl^BBB««»&ti*. COi«d. 3t*B« 
(5 B) iCfcU. BBBOBB^fc ( I L 1 B) 14. ffifl* 
ttBQB£®**aau !S*S*S (1 3) CMUT# 
BftttOBBtt (I L 2 B) 14, -t©*«J&>&«,kUfc 

«ttu*0B8«aar«. stot. bb%¥£ o 

2) (061® (PS) £0t©l/>Xl4, 2 0©JBWJt (I 
LIB, I L 2 B) lC«fcyi£— ttBBtffliTBBSft* 
l/>X09BB^Btfr«(OBfl:lc«lt<&B%O[)B 
MA^B^L. B^(09BJRBKMt>B^r«. 
t>, I^SJttt©S8M3t (l L2B) l4SJtS« (13) 
±©JSg2<fclcl4f&g£-5*/40. 
[0 0 1 3] 

[BB(DBB09Sffi] iUT. 4:BBOBBB%BB<DB 
BflDSBOB 1 OWC^tB 1 ~H 3 4#B l/TRWt 
•5. *«I4, l/?^;HO/^->SSIE****^L 

[0 0 1 4] m 1 14, *0iJ©}SSJB}tig§©«lB&fliA£ 



(4) 



ftfrW 1 0 - 6 4 7 9 0 



Tjku, doom i ic^-r<tc>ic*ffij<D!SiJSS^stii3 

Oro^gP (0 1 Tit 2 t>(D3taggB 1 , 2 ;&WlTO 
•5) tf&ltbftTOS. 2I3ti#lclt. 31 1 C9#288fl 1 
e»li^x/\i 3 ±(07* hl/y^ Mc!&7ttl<Z);JKftA 1 

(ORSB^jt i l i a<«ajsn> m 2 roitagsp 2 jsn/^mm 

(OSfS3C97tiE8IS^S>lt'?XA 1 3±tf>:7:t hUv* He 
3tlt. «fR§g2 2lCcfcoTSS2J£.Sl;:fll*Ufc&. 

y-D^-iz^ijm^ium (M3 6 5 nm) omn 
tft 1 l i ^«ai$ns. sae^jt 1 l 1 it^o^y 

T<n>—5>£\sX<D7 : 7'<7'(l'>X2 4ICAWT 
77^7^ U>X2 4 0&U>XXLx>>hro*«OS1 

aasicii 2 ;^3tas*<}f$fi£$ti. c*x£><£ 2 ;xitm\z&. u 
®7tas*<f^en-5. 75-f7-r u>X2 4cowai®ic 
it, ffiTtairo^^^^ssst-r-sfctoroojy^xaffiro^ 

S&ComjP&y 2 6 A~2 6 C (0 2 (a) #350 #ffig 

stm^. cn^coraptsu 2 6 a~2 6 cit. $ — 

isy httCR!2 5ic@££tt, R*S 2 5 £IE8!i£Sg 2 
5 AT[ai*E-r-5c<hT^McDli3nJ&y£:75-f:r-r u> 
X2 4©^ta®ic^:ST^*. 
[00 15] B2 (a) It. B1 CRffi2 5 ±<Dfflnl$. 

0 2 (a) iCfcOT. 3<i(73BgPgJU 2 6 A~2 6 C It 
^-U"> htt©Pli2 5(DJg22ICl?£g|SBiT@;££ft 
TIN*. ff? i CDgSJP&y 2 6 Aliil^C0R8B^<&^pli^ 
lC{effi2tl5RJfcB8P£WU ^2OTP^PgJU 2 6 Bit 

ic<£ffl$n*/j^op3JF$KJP£ : rr-5c s&3copgpiKy 

2 6Clt. *££RJfc|?aP£:&U *ffllX*ltlS«!SBfl, 

xu&i&mwz'riom&iz-zowisomci&v 2 6c« 

77-f7-TI^>X2 4©*tffi®lca^-r*. EP^, 51^ 

ii^swB?icit0 2 (b) ic^-rtiw«rowp»u 2 6 

DA^fflSn. gff$R8l«B$|cit0 2 (c) IC^-TTtfA* 

t UTiES^tifc 4 firo/hs on p PS& 

y 2 6 E«iffiffl$+l5. L^U #0iJTIt&yiCDgff55 
5-53?lCJ:oT. ^KWlCggPiKU 2 6 Dt?#*ffl$ 

n-s. 0 1 Titsg3oggp^y 2 6 ctf&Myt 1 li© 

[001 6] ggp&y 2 6 c^ajguTiSiB^Tt 1 l 1 
it, m i u u-u>X2 7^siau. ?iif$5y (u^^ 
jux5-f> K) 2 8ic«tus§B^iBH^s$ns„ saw 

ISffl«««36Stlfc!fBM3t I L 1 It. 7t;Hg& 1 ^t»Wffi$ 
nTH2Ul/-l/>X3^lT, S8B£fti£ifcC9?t|iaA 
X*W«ilTS2iJ U-^>X3ffliJlClS0 4 ftftttlC 
B2g£tlJt 4 fftCO =, 5 — 6 A~ 6 D (0 1 Tlt^-<DF*qCD 
2#C9=5-6 A, BB^^t) XP6/j:-5^?f5S5-5 
CQ/§0£i§i§-r -5. £fl$=.5-5CD4tttCD = 5-GDJ5*l 



®lt^«ij^|fi}#. fiSBflJt^S©5t$|liAX|C«UTiaif4 
5° URttUTHS. lEIC. &J£ = 5-5CD±®lt. B3P 
&y 2 6 C(DEg®IC*&fc<iglcRg<*ftTlN-5. IE 
Jf££ 5— 5 CQJHIS£jfijS Lfc8BB,fl}t | Lilt, n^T^ 

•y-u>X9*igTU5 i ^;n o icawt*. 

[0 0 1 7] 0 3 (a) It, 01 C9£JB=5-5£U?- 
0fiiJ^6*-7i:EIS;^U, C©@3 (a) ICfclN 
T, = 5-6 A~6 DltHlMCflLOJJJttT. SBfiUtt^ 

*(D7t$ii a x tuijistr * 4 ftm&Bf8Lt2>&? izmm 

bTKSSnTlN-S. 5 5-6A~6D0lIC 

Wfc1 7 It. ±&<h LTttils AX -3 1 ^CDR 

JS£ff5fi£l,TO-5. f l/T. *<DHB 1 7 £0 1 C9P8P 
!Ky 2 6 CCO§f)PCO{fcCDtt® 1 6 iKDtaHDm&VKDfc® 

1 5$BSW3t I L 1 afilia-r3«fc5lC«fi£S*iT(,N-5. 

ep-&, xmnrnzs^-si*. m«tt<DrapKy«3iffl 

L/TlN-5. 

[0 0 18] B1CRU. 3!ffcS5-5ltiIi8£&£Sg 
8IC«toTS3WJt | L 1 OTtSS^-ICiSiBT^-S^^lC. 
8y<D£ff5S5-<h£&T#S<fc?lcffi^$*iTl\-S. ;* 

ic m2w>tiise2it^iS7tfflro?tas. ^.u-^<D^tm^ 

TflUa^nTOS. tUT. U^^JH 0©a£±gPlCK 
S$n«:?ti®g|5 2^e>ttiiJ$n7S:7* hlc#f® 
7tH£>SP.83t I I- 2 It, 'J l/-l/>X4 lCJ:y5pfi5t^ 

ic^n. -gp^sawjt^^TtttAxiii^-r-STjioiA^ 

£.^JI5S5-5<fcDS5-6 AlCA#tt"-5„ SSB^Jt I L 

2 CD— HPItS 5- 6 A \Z J: y T73 lC|S]ltTS»f 

= 5-6 AC0T7?^iSiSUZc?S^7t I L 2 It, 5 5-7 
A, 7 BIC«tyStJ$tlT^JB55-5^C055-6 B 
ICA81L, =5-6 B{zJHJKmt<nfizittmZ> 55- 
6 ATSt43tlfe3tm«!:^lC=i>? : >-y-U>X9 ICAW 
^0^T»-5*<. 3t3SgB2. 'JU-U->X4. s 
CX55-7A. 7 B«fcy/«t57t^<!:|5lt»C0?t^lt@ 
1 C0Jfi®lCSiI/«£7j|6)lCt>ES$nTfcy. CC0S1CO 

t&wizmmti:J3fa\z$iw.tztitcm 3 <D^.mt^i<oy ■* 

hl^vT, HC#0%tt0)!tS9]% (cnt).^B^Jt I L 2 t. 
TZ>) It, ^Jf5=5-5^C05 5-6 C, 6D (@3# 
SB) lCj;yT73lCJ5*t^n-5. StoT. SSBJJt I L 2 
It. 0 3 (a) ICtiOTSSB^Tt I L 1 tfm&T •2>*iw« 

[001 9 ] @1 iCfclNT. mtS. 5- 5 CD^H^ iiiS 
Lfc^Ttl LI. &tfgff$=.5-5IC«fcyjgfrt$ftfc 
SSWJtl L2(t. ttlC^>T : >-y-U'>X9lCj:yU5 : -^ 

;n o±ic«5»t$nSo u?^;n o±ic.^*t$n^:B§ 

B^Jt I L 1 , I L 2 It. U^O)l,±<D/-<*->mi&2:m 
iaU. &g27t^ifU 2^L,T9IA1 3±lCS«$4a 
SSTtfflCORBB^Tt I L ICDfctT-, JSiJTt^^l 2IC 
MLTI/^;U OCQ/t^-^St^X/N 1 3£0S®i: 
lt«S-C*y. SS^Tt I L2lt. 7I/M 3±©7*H 



(5) 



1 0 - 6 4 7 9 0 



ft, ist?ft^i 2fc(Di!®ps % «5i^*;u oro 

6 C«gES®^TIi£ff$5 7-5<D±®<htt?S:T'& 

y. 11® p siciigangju Asawssftxos. 

[0 0 2 0] S8^3t I L 1 (DiffifiA 1 &tf«8«!S I L 2 © 

rotift. ififiA 1 Ii5 3 0 nm*36. fflUA 2 14 5 3 0 
n mJU±<D«fl£2HR-f£. SSttfflcDSSEtt I L 1 tU 
XI4. *<5iJT(i7kiS5>7 r © i tttftefflSftXOS**, 

-E-ftJUfl-i^kss^ >?<d g & (M4 3 6 nm) m<om 

IS. A r FX+->TU-+f5t (Ml 9 3. 2 nm) ^ 
K r FI+5/71/- ifft (XR2 4 8. 5 nm), 
UttMXft U— !f * Y A G U— »f <DiSiS;«3l/><{£JflX# 
•5. IMX I L 2 <!: LXI*. 7* KUy^ 

©mt!i®8lS«:U03ti!B<R«*t±l*4:UTSaW31t I L 1 

bXI4. %««[*£(/]* 2 Hfctr Ctt3tlB03teiS»<ai 

<, -;S30&(D#5£K;&<'h;*o<t£ici4, 

2 tf>U>Xtf>«mX(4:a- jr-f >^KIC*fT-53t®»R* 
(DT^/ilt^fcfcCQ^ifSiLU. BBW3tl L2C- 
flfltUTB. AiLtfH e-Ne U— if* 6 09 U— Sffcf- 
A (M6 3 3 nm) tf«f«tlf &tl«. 

[0 0 2 1] fcfc, Si53t^rou>Xffl©lH«tU 
T. 535iPSg^«^e))fifS^«*-COi83a^*«fi»rj:»f 

m ju±os t e> u <d kimx* £ *r * ox, 

HWJtl L2iUX, 7vit*& (H F) X*<D{t¥&. 
)C*flJfflUfcHF<t*U— tfft (M2. 4-3. 4m 
m) «MH*fflUTt>J:U. 5JKltt©#iJ6*f5* 
14, ^««l«tA/TU5tft. 5 3 0 n mJU±CD3KftX 
fcl %/cm(CjfiOttGftiR*£WT3fc©*>&y, d<£> 
.fcp&l %/c rr\\zm^?t®itRm*:G?2>mwytT"b + 
^-WSftXfeS. CC9J:3fcBWJfc©«£LTI4, 
(H2)ttme*^OC^ (K56 5 6. 3 nm) ^P'N'J 
9 A (H e) *JtSSf^e>Od«! (5Rft5 8 7. 6 n m) 
«**tf&tl«. BICfiOT. JH*J***C9JM*AX 
li«lB3fc*3Rl 2©*l*tft»LT*5y. JUTX(4itl4 
AXlC¥fflCZtt45Ry, ZHCS«<t2!fc7tiFlB±T 
BM 4>lfi®ic7fricxtfc. 01 ©IftSlC^iSlCYttS:© 
oTfMrTft. 

[0 0 2 2] U7-*;U1 Of*X£fi. Y7j|S|. 

^ipjicssftwfiittu^^vu^x— i±ic«g$nx 

1^5. U3^JU7xX-^ 1 0C9fitBI4fl-gBG9U— tfTS* 

ft (tetS) ic«fcyffisicft3B$nxt5y. tou- tf 
T^itro« | iS<iiics^iNxU'^^;w^^-> s i i 

##JffilSftXl\-&. — 7X/\1 3I4*0;fG99X/\ 



jM^^uxxTjiS]. Y^[SJ, &tf Z:fr|B]|C9X/\«: 
ttS^fet^^XA^r-yl 4±lC«g$ft. 

t^-vm 4©<agi4. a-woi/-- tfT^iticfcyflie 

Icltil'J $ ft X £ y . * <D!t;««l ICS t? I \ X 0 x a* ^ - 
is 1 4ro(aSA<$iJffll$ftXl>-5. £x/\*5r-v1 4IC 

«t y ?xa i 3 ©&-> 3 hflfttaf&e&i&t** 1 

• 7> K • y t- h^5tx«iyjs$ftx. u*-*;u o 

±09/^ 7X/M 3±G9£-> 3 h-fStjSlCfc 
¥Sft*. 

[0023] *fflo9}£f&SttgM©ii!iflMco^x 

*ffiJXI4, 5fT01 (C^-r«tPlC, 

□**-r«mntty 2 6 ci, mm^- 5 <t£i&*-ft 

to-eX2Sttffl©!8W*: I L 1 XgtHWlctSwSSWfcfro 

lN»«JSA»^e.ft*. 03 (a) IC^-r«fcPlC. 

1 2 ©HIM P S £ fSeat«a:W±T. 7 * h 
\si>s\ hlC®3t14cr)BSW3t I L 1 I4IS««©^1 5 £ 
jSjflb, SfB5 5-5roSftt®lcJ;y5&t$ft*:7* h 
hlC^®5tttOSa^3t I L2I4, MiUl 5©l*3«iJ 

1. I L 2*01 ©1^;>;H 0*gXS!U3t^»1 2 
icAWSt+^i:, !fiU3t^mi 2©BIMPS±X. SSW 

# I L 1 , I L 2l4£#<hbX3t«iAX£tp,k<!:-f-&n 

^issrt^iiis-r-s. atox. ^-roissp s^«iao« 

fUft^ 1 2 <DU>Xl4S21gP(4^y Xfc< tp^SPfcf^ 

x^;u^-*RaiRuxige[±#-r-5. t<D^tt>s mwp 

S ttifi© U >XXI4»^JB^JS^^b<D 2 ifc<D^Mftj5Jc 
^OiiJft^S;*ro^£)fiE»lC*tUX^</j:-5. ggJ5t 
f»1 2 ©I*®)RMSiJ!l{4, If® P S tf'JKD is >X(D&. 

t)2;*<D^A<^<^y, figjjt^i 2roa;*roi*® 
ijx^sb*<«)^e»ft*. 

[0 0 2 4]^fc, 01 XlitS^PJSB«ffl©^JB5 7-5 

*ffifflbfc*i, *0ijxi40 2 (c) izmr&mmwmo 

mat&ij 2 6 E**fflt--5 4ftit«ro^Jf$5 5-5 A 
(0 3 (b) #H) t)ffl^5ftXlv*. fli-6. SJfJSSM 
*«P<!:^JCI4, 01 ©iSS^SS8*^UX^«S5 
7-5 0ftt>y lC&ffs5 7-5 A*?l^3lt I L 1 (DftJS 

[0025] 03 (b) i4. &fizmwm<D&ms.5-s 

A*0 1 ©U^^JH OffilJ^e>^0€:^U. CW03 
(b) ICJ30X. SJf$*7-5 A«-«fi)t-r^4<i(05 5 
-1 9A~1 9 DI45l,MC2f UUJSttX. TtliAX^JI 
jjStt«Uf^)U 0ICfl®$|plllfc4ftti*}l$^-r5 
J:?>lcai£UXBES$ftXlN-5. 5 5-1 9 A~ 

1 9DliU^;H OffiiJcDB^S^tSi/ioXfeU. 5 
7-1 9A~1 9DC0U-^^;H 0A^^.^^?f*l4ft<* 
tUXJtllfcAX^tp^fr^) 1 -3<DFim 1 6 A<h/«Cr.X 
l^. CCDHJ11 6Ali. 0 3 (a) 0>mWft I L 1 # 



(6) 



1 0-6 4 7 9 0 



5^-1 9a~i 9D<z>M>(DPimi 6A<DmA\zmn 
&rsm-c. u?^;u offlijd>e>iiTR85<DjSiggpi 8 a 

~1 8 D*tJBfiJt$tl. CCOiSiggPl 8A~1 8D£H 
coSftffltOSBB^Jt I L 1 a<£ifi-rS«fc5l::8lfi£;*ftTU 
4. CC0gJKS5-5 A A*. 0 2 (c) (OgJKRBEfflco 
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